A Haken-Lorentz equation with self-feedback light field as well as its stability condition were gained through a series of mathematic process, and the stability judgements of the equation under 6 groups of parameters were gained using the stability condition, then a MATLAB simulation was carried out on the equation and the movement orbits of the equation were gained. It shows that when the stability condition gives a stable judgement, the movement orbit in the mathematic simulation is a single helix ends in a stable point, which shows that the simulation results are stable too; when the stability condition gives an unstable judgement, the movement orbits in the mathematic simulation are two chaotic helixes, which shows that the simulation results are unstable too. The judgements which result from the stability condition are consistent with the MATLAB simulation judgements, which shows that this stability condition can be a criterion of the HakenLorentz equation with self-feedback light field in some parameter ranges.
Introduction
The Haken-Lorentz equation is an important equation in laser dynamics. It describes the dynamic characteristics of a single mode and equally widen travelling wave laser. The Haken-Lorentz equation has arisen great attentions of scholars inland and overseas since it came out. The research on it goes deeply [1] [2] [3] [4] among which the stability condition of the Haken -Lorentz equation is an important production, and it has been a widely accepted criterion to distinguish the stability of laser [5] . In practice, there may be a self-feedback light field in a laser, and the laser dynamic equation is no longer the Haken-Lorentz equation, but a new dynamic equation--the Haken-Lorentz equation with self-feedback, therefore the stability condition of the Haken-Lorentz equation is no longer appropriate. But the stability condition which is sutable to the Haken-Lorentz equation with selffeedback has not been seen. This paper is to research this new stability condition.
Stability Condition Of The Haken-Lorentz Equation
In the single mode, equally widen condition, Maxwell-Bloch equation can be simplified as Haken-Lorentz equation [6] : || ||ˆˆˆˆˆ(
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whereÊ represents the light field, P represents the polarization, andD represents the population invension. The first equation is the light field equation, the second is the polarization equation , and the third is the population invension equation. κ is attenuation constant, γ⊥ and γ‖ are longitudinal and transverse relaxation rates, and Λ is pumping coefficient. If the stationary solutions are steady, the steady condition demands [7] : ( ) Namely, the attenuation constant of light field κ is far less than the sum of polarization and population invension attenuation constant, and pumping coefficient Λ is less than the critical value Λ c.
Stability Condition Of The Haken-Lorentz Equation With Self Feedback
Firstly, the style of Haken-Lorentz equation with self-feedback is to derived. As only the light field is fed back( it is possible in practice, for example, put a reflector out of a laser to turn the laser beam back to the resonator), while the polarization and the population invension equations have no feedback. Therefore, in the Haken-Lorentz equation, only the light field equation is related to the feedback light field, while the polarization and the population invension equations have no change. Assumpt the amplitude feedback coefficient of the outgoing light field is k, and the time distance between the laser beam exiting and returning the laser is τ , then the HakenLorentz equation with self-feedback can be described as follows:
where the light field equation is a delay equation. There are gteat differences between the delay equation and the light field equation in (1) .
Secondly, the stability condition of the Haken-Lorentz equation with self-feedback is to analysed. Letbe
, then the stationary solutions are:
the subscript s represents stationary solutions. Letbe the minimal deviation of the stationary solutions , , e p d , that is:
Bring (3) into (2), then it is derived that:
The first equation in (4) is a delay equation in the following form [8] : Therefore the condition that (4) has a nonzero solution is that the Jacobian determinant ( )
Expand the formula above, we can get the formula below:
This is a cubic equation of β , using Hurwitz criterion [9] : n n 1 n 2 The necessary and sufficent condition that all the roots' real parts are negative is that: , its stability condition is that a 1 >0，a 3 >0，a 1 a 2 -a 3 >0.
Therefore, the stability condition of (5) 
meanwhile, this is the stability condition of the Haken-Lorentz equation with self feedback light field.
Numerical Simulation
The parameters in (2) 3 and (a 1 a 2 -a 3 ) were calculated while the feedback factor k differed, shown in table I. /second, the values of a 1 ，a 3 and a 1 a 2 -a 3 are all more than 0, so it satisfies the stability condition described in (6); when k equals to 10×10 9 /second, a 1 tends to infinite, and a 3 equals to 0; when k equals to 15, 20 and 25×10 9 /second, a 1 and a 3 are both less than 0, so it doesn't satisfy the stability condition described in (6) . Therefore, by using the stability condition described in (6), we can judge that when k takes the first two values, the Haken-Lorentz equation with self feedback light field is stable; when k takes the last four values, the equation is unstable.
By using MATLAB, a numerical simulation was done on (2) below to verify the conclusions above. Using dde23 method to calculate the time delay equations. k took the values in table I. The simulation results are motion trajactory in three dimensional space whose axes are light field E, polarization P and population invension D, which is shown in figure 1 .
From figure 1 (a) -(b), we can see that the track of the three variables in (E, D, P) space starts from the initial position, and tends to a fixed point spirally, then fixes to the fixed point at last. In this case, the equation is stable, which is cosistent with the conclusions in table I while k took the first two values. From fig 1 (c)-(f) , we can see that the initial track near the initial point does not tend to a fixed point, but encircles around c1 and c2 forever: it encircles around c2 for several circles, then changes to encirlce arounf c1, then changes to c2 again without periodicity. The track is limited in a band with two centers of c1 and c2, with no end, never close nor cross, so this is a chaotic attactor. In this case, the equaion is unstable, which is cosistent with the conclusions in table I while k took the last four values. 
Conclusion
The style of the Haken-Lorentz equation with self feedback light field is established, and its stability condition is given. When all the parameters satisfy the stability condition, in a numerical simulation on the equation, the equation track tends to and fixes to a stable point in (E, P, D) space, in this case, the equation is stable; when all the parameters do not satisfy the stability condition, the equation track does not stay on the stable point at last, but is chaotic, in this case, the equation is unstable. The numerical simulation results are cosistent with the results derived from the stability condition, which proves that the stability condition is tenable in some parameter ranges, and can be a reference in judging the stability of the Haken-Lorentz equation with self feedback light field.
